
10/539538 

JC05Rec'dPCT/PT0 17 JUN 2005 



WO 2004/054873 



PCT/AU2003/001678 



1 



Minesweeping device 



Field of the invention 

The present invention relates broadly to a minesweeping device and to a method of 
minesweeping, in particular in respect of magnetic signature minesweeping. 

Bacicground of the invention 

Magnetic signature minesweeping systems typically comprise permanent magnets, 
conventional electromagnets or conducting loops to generate magnetic fields for simulating 
magnetic signatures of water vessels. The purpose of magnetic signature nMnesweepiag systems 
is to trigger underwater mines by simulating tiie magnetic signatures of vessels, which is one of 
the detonation trigger techniques deployed by certain types of underwater mines. Another type 
of magnetic signature minesweeping system naay also be arranged to generate a signature which 
is known to trigger a specific type of mine. Suchmmesweeping systems are towed fiom a range 
of platforms, including ships and helicopters. 

Curr^t minesweq)ing systems incoiporating permanent magnets have the disadvantage 
of being very heavy structures, and, in general, are difl&cult if not impossible to transport by air 
because of potential interference with navigational conqjasses. Furthermore, they have limited 
options on source strength and orientation with respect to direction of advance of flie 
minesweq>ing system. 

Other current minesweeping systems incorporating conventional electromagnets tend to 
require power generators on board fiie tow platforms and tow cables which involve power down 
the cable, which then t^ to result in feirly large cable structures. As a result, substantia] 
bollard pull capability is required on the tow platform, which limits the versatility of such 
minesweeping systems. 

In at least preferred embodiments, the current invention seeks to provide a magnetic 
signature minesweeping device which addresses one or more of the above disadvantages, or at 
least provides a usefiil alternative. 

Summary of the invention 

In accordance with a first aspect of the present invention there is provided a magnetic 
signature minesweq>xng device conq[>rising a water driven turbine power generator and a 
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superconducting material magnet, wherein the turbine power generator is airanged, in use, to 
suapply a driving current for the siq>erconducting material magnet when tiie minesweeping 
device is towed through flie water. 

Preferably, the minesweeping device comprises a control unit arranged, in use, to control 
the magnetic ou^ut of the superconducting magnet and tbe power output of the turbine power 
generator. 

hi one embodiment, the minesweeping device furOter comprises sensor units arranged, 
in use, to monitor the magnetic output of the superconducting magnet, the magnetic heading of 
the xsmt and the power output of the turbine power generator, and further comprises a feedback 
unit arranged, in use, to supply feedback signals from the sensor unit to the control unit, 
wherry the magnetic output and power ou4>ut can be optimised for a specific mine 
countermeasure task. 

Advantageously, fte turbine power generator conqirises adjustable pitch blades, whereby 
drag characteristics of the turbine power generator are adjustable. An electrical control could 
also be used to coarsen the pitch so that the correct voltages and currents are supplied to the 
power supply. The superconducting material magnet may be disposed as a single axis 
longitudinal magnetic source or as a three-axis magnetic source. Both single axis and three-axis 
sources are currently used for minesweeping. 

Preferably, the minesweeping device fiirttier comprises a communications unit arranged, 
in use, to enable remote access to the control unit The communications unit may comprise one 
or more of a groiq> contiprising acoustic, radio, induction or cable format coromunication 
devices. Radio communication would be preferred but cable format or a combination of radio 
and acoustic might be needed if the sweep qpmtes beneath the surface. 

Advantageously, the si;q>erconducting material magnet comprises a high temperature 
superconductor (HTS). MuW-Filamaitary Composite (MFC) wire BSCCO-2223 
(Bi2Sr2Ca2Cu30iof5) and a Coated Conductor Composite (CCC) with YBCO (YBa2Cu307^) 
coating manufactured by American Superconductor Corporation are examples of HTS that can 
be used. Ih one embodiment, the superconductmg material magnet is operable at liquid nitrogen 
temperatures. 
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Sweeping using flie sq)erconducting magnet can be in Mne Setting Mode (MSM) or 
Target Emulation Mode (TEM). In MSM the mine logic is understood and the siq>erconductuig 
magnet is programmed to produce a magnetic signature that will trigger the mine. Tn TEM the 
mine logic is unknown and the sup^onducting magnet (or a linear towed array of particular 
superconducting magnets) is programmed to produce a point-by-point copy (emulation) of a 
ship's magnetic signature. A linear array of one or more superconducting magnets could be 
used for minesweeping in either MSM or TEM. When sweeping in TEM an array of 
superconducting magnets is necessary to give the sweep magnetic signature the same 
dimensions as the magnetic signature of the ship being emulated. 

Pref^ly, the control unit is arranged, in use» such that the magnetic output is variable 
as a function of time, orientation and/or position, for facilitating genotating desired magnetic 
signatures for simulating vessels. 

The minesweeping device may comprise an interface unit for interfacing to one or more 
other minesweeping devices, wherein the interface unit comprises an electrical ou^ut for power 
"take-off* from the turbine power generator to the other minesweq>ing devices. The interface 
unit may be arranged such tha^ in use, ihe power take-off is facilitated via a tow and power 
cable connection to the other minesweqping device. 

The other minesweqping devices may comprise further superconducting material 
magnets. 

Preferably, the inter&ce unit further comprises a control interface, whereby the control 
unit of the mine-sweeping device is cs^able of controlling the magnetic ou^ut of flie other 
minesweeping devices. 

The turbine power generator and the superconducting material magnet may be 
implemented as s^arate elements arranged, in use, to be connected via a tow and power cable. 

In accordance widi a second aspect of &e present invention there is provided a method 
of magnetic signature minesweeping utilising a wat^ driven turbine power generator and a 
superconducting material magnet, wherem the turbine power generator siq)plies a driving 
current for the superconducting material magnet when the minesweeping device is towed 
through the water. 
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Preferably, the method comprises controlling the magnetic output of the 
siqierconducting magnet and Hxe power output of flie tuihine power generator. 

In one embodiment, the method further comprises monitoring the magnetic output of the 
superconducting magnet, the magnetic heading of the unit and the power ou^ut of the turbine 
power generator, and sqjplying feedback signals for the controlling of the magnetic output and 
ttie power output, whereby the magnetic output and power output can be optimised for a 
specific mine countenneasure task. 

Advantageously, the tuibme power generator comprises adjustable pitch blades, whereby 
drag characteristics of the tuibine power gen^iator are adjustable. 

The superconducting material magnet may be disposed as a single axis longitudinal 
magnetic source or as a three-axis magnetic source. 

In one embodiment, the superconducting material magnet is arranged such that, in use, it 
exhibits an ou^ut, which emulates both the perman^t magnetic component and the variable 
magnetic conq>onent of a ^bip^s magnetic signature. 

Preferably, the method further comprises varying the magnetic output, as a fimction of 
time and/or position, for faciKtatmg generating desired nniagnetic signatures for simulating 
vessels. 

The method may finlher comprise the step of inter&cing to one or more other 
minesweeping devices, wherein the interfacing comprises an electrical output for power **take- 
off ' fit>m the tuibine power generator to the other minesweq>ing devices. 

The other minesweeping devices may comprise fiirflier sup^xx>nductmg material 
magnets. 

Preferably, the method fiutfaer comprises controlling the magnetic output of the other 
minesweq)ing devices. 

The invention extmds to a magnetic signature minesweeping arrang^ient comprising 
an array of minesweeping devices configured to be towed in a serial array, each of the 
minesweeping devices including a siq)erconducting material magnet, and at least one of the 
minesweq)ing devices including a water driven turbine power generator arranged, in use, to 
power at least one of the minesweeping devices. 
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Brief description of the drawings 

Figure 1 is a schematic drawing of a single magnetic signature minesweeping device 
embodying the present invention; 

Figure 2 is a schematic drawing of a multiple magnetic source niinesweq)ing device 
configuration embocfying fhe present invention; and 

Figure 3 is a schematic functional block diagram of a feedback control system foiming 
part of the magnetic signature mine-sweeping device of the invention. 

Detailed description of tlie embodiments 

Referring first to Figure 1, a minesweeping device 10 embodying the present invmtion 
integrates a wata- driven turbine generator 12 witti a siq)cr conducting material magnet structure 
14 in the one vessel. In flie embodiment shown in Figure 1, the superconducting material 
magnet structure 14 conq>rises a longitudinal magnet coil structure 16, as well as vertical and 
athwartship magnet coil structures 18 and 20 respectively. The coil structures are formed firom 
a high Tc superconductor. Multi-Filamentary Composite wire BSCCO-2223 
(Bi2Sr2Ca2Cu30i(H5) or a Coated Conductor Coniposite manufactured by American 
Siqjerconductor Corporation with YBCO (YBaaCuaO;^), once commercially available, may be 
used. 

The minesweeping device 10 is coimected to a tow cable 22, which does not have to 
provide power down the cable capabilities due to the on-board power generation utilising the 
water drivm turbine generator 12. It has been recognised by the ^plicant that superconducting 
material magnets can provide the required magnetic ou^ut strength at electrical power iiiputs 
that can be g«ierated through on-board water driven turbine power generators, thus eliminating 
the need for power down the cable configurations &om flie tow vessel or vehicle. If the magnet 
is cooled with liquid nitrogen flie power requirements are as low as lOOW or 10% of the power 
ou^ut available 6om the turbine in current use with the Australian Acoustic Generator known 
as the AAG, marketed by ADI limited, at Garden Island NSW 2011, Australia. In one 
embodunent flie superconducting magnet is cooled using a cryocooler to an operating 
tanperature of 20K on board the towing vessel before being placed in the water and towed as a 
sweep. In this configuration tiie siq)erconducting material magnet is used as a sweep until its 
tOTiparature rises to a level fliat reduces the critical current below a usable value. 
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The minesweeping device or "sweep" 1 0 comprises a control unit 24 for controlling the 
turbine generator 12 and (he si5)erconducting material magnet structure 14. Sensors 26, 34 and 
28 are further provided to monitor the power output of flie tuibine 12, the magnetic heading of 
the sweep and the magnetic output of the magnet structure 14 respectively. It will be 
appreciated that the data gathered through sensors 34 and 28 can be utilised in a feedback 
mechanism in the control of the power supply 42 and the magnet structure 14 for operating the 
minesweeping device 10 for a given mine countermeasures operation, as is shown in more 
detail in Figure 3. The sensor 26 can be used to monitor the tuibine output, which is controlled 
by control unit 24 through adjusting the pitch of the tuibine blades so fliat the conect operating 
currents and voltages are provided to the power si5>ply 42. Further sensors may be provided to 
monitor the velocity and depth of the sweep. 

The variable pitch blades 30 of the turbine 12 are also enable of adjusting/reducing flie 
drag on the tow platform, thereby makmg the most efBcient use of fuel resources on the tow 
platform. If the turbine speed increases too much the pitch is coarsened to limit the speed of the 
turbine shaft. The tuibine velocity or power output and the magnetic flux ou^ut of the magnet 
are monitored by the control unit, which uses these data to control the turbine blade pitch, 
which in tarn controls the drag on tihe towing platform. 

The minesweeping device 10 fiirther comprises a communications unit 32 for facilitating 
communication between a command station and the control unit 24. hi the example 
embodiment, the conununications unit is arranged for radio communications from the command 
station, which may be located on the tow platform or at a different remote location. However, it 
will be qjpreciated by the person skilled in the art that in diflferent embodiments, 
communication between the command station and the minesweeping device 10 may be 
provided through other techniques, including via acoustic, induction or cable formats. 

The control unit 24 in the example embodunrat is capable of controlling the magnetic 
ou^ut of the magnet structure 14 as a function of time and/or position for facilitating the 
simulating of a desired magnetic signature. It is believed that tiiis control can enable the 
minesweeping device 10 to be towed at lower levels above ground/mine location which m turn 
can reduce the maximum magnetic strength and thus the electrical power required. All 
magnetic sources look like dipoles from a large distance. The magnetic flux density due to a 
magnetic dipole Ms off inversely as the cube of the distance. If the distance is halved the 
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magnetic flux daisity is increased by a factor of eight If the minesweeping device can be 
towed at a lower level the field requiremtents can accordingly be drastically reduced. 

The drip's magnetic signature has two con^jonents, namely an induced component and a 
permanent component The forous components of a ship have some peraianent magnetization 
acquired both during conshiiction and after consbnction as a result of mechanical vibrations and 
changes in tanperature while immersed in the Earth's field and an induced magnetizatiwi 
because tiiey concentrate flie Earth's magnetic field. This induced magnetization can sometimes 
add to the permanent magnetization and on o&er occasions subtract firom tbs permanoit 
magnetization depending iipon fbe ship's otiaitation in tire Earth's field and flie position of tiie 
ship on tiie surfece of flie Earth. To emulate this effect the siq>erconducting material magnet 
needs to produce a magnetic field, which is the sum of ttte induced and variable conqKmraits. 
This magnetic field wiU vary dcpaiding on tibe magnrt's orientation and position on tiie Earth's 
surface. The position on the Earfli's surfece is not in^rtant during the actual sweeping 
operation because the sweeping will take place in a small area, but if flie sweep were 
transported over large distances to perform sweeping activities in different parts of flie world it 
would be relevant On the otiier hand if flie orientation of the sweep were to change during 
sweeping operations the magnetic momejit would have to change to reflect changes in sweq> 
oriaitation. This orientation will be measured by tiie sensor 34 in the form of a gyroscopic 
compass and monitored by the contix>l unit 24. For example. Scorn a distance flie coil will 
behave like a dipole. The magnetic field due to a shq) can be modelled as an array of dipoles 
and fliairfore tiie signature of tiie ship can be emulated by an array of one or more 
superconducting coils. The field, B , due to a point dipole source witii a magnetic moment 
m and positicm vector r is givoi by: - 




(2) w = mjjfi + m^j + myyk 

wbsie LM is tiie longibidinal magnetization, AM tiie across-dup magnetization and VM is ttie 
vertical magnetization 
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Where PLM is the pennanent longitudinal magnetization and HM is the induced longitudinal 
magnetization 



COSf 



where PAM is the permanent across-ship magnetization and lAM is the induced across-ship 
magnetization 

(5) 

where PVM is the pennanent vertical magnetization and IVM is the induced vertical 
magnetizatioa 

9 = heading 
^ = latitude 

The headii^g is measured using the gyroscopic conqiass 34 and the latitude measured usmg the 
GPS card 38 of Figure 3. The above example assumes that the numaical values for induced 
magnetization are based upon measurements taken in Sydney. Angle of dip might give greater 
accuracy than latitude. 

Turning now to Figure 2, the present invention can, in anotiio- embodiment, be extended 
to a multq)le magnetic source configuration 100. In that configuration, a first or lead 
minesweq)ing device 110 of the type previously described with reference to Figure 1 is used 
together wifli a number of separate magnetic source vessels e.g. 112, 114. In fbc embodiment 
shown in Figure 2, the towed array of magnetic source vessels 112, 114 each comprise a 
superconducting material magnetic structure 116, which is basicaUy identical to the 
superconductmg material magnet structure 14 described above with reference to Figure 1. 
Between the lead device 110 and the other vessels e.g. 112, 114, combined tow/power "take- 
off" cable connections 1 18, 120 are provided, for power distribution fiom the turbine 122 of the 
lead device 110 to the magnet stmctures 116 of the other vessels e.g. 112, 114. In another 
configuration the devices can be individually powered or the trailing device can have the 
turbine, with power being distributed to the leading vessels via the cable comiections 118 and 
120. 
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The cable connections 1 18, 120 also provide control interfece commumcations between 
the control unit 124 of the lead device 110 and the magnet structures 116 of the other vessels 
112, 114. Further connnnmcation links are provided via the cable connections 118, 120 for 
sensor signals obtained fiom sensor elements 126 of tte other vessels 112, 114 to the control 
unit 124. It will be {^tpreciated by the person skilled in the art that therefore a feedback 
mechanism can utilise feedback fiom the other vessels and fte lead vessel 1 10 fiom its on-boaid 
sensors 128, 130 in the control of the power output and magnetic ou^ut of the overall 
minesweeping configuration 100. If the sweep were emulating (copying point by point) the 
signature of a vessel and the sweq> were to change direction this change in direction should be 
accompanied by a change in magnetic output because the induced component of a ship's 
signature depends jxpon the orientation of the ship in the Earth's magnetic field. A velocity 
seosor or gyroscopic compass 128 detects the change in direction and thm communicates the 
change to the control unit 124. The control unit then uses a look vp table including signature 
characteristics of the target vessels and algoritoas based on the above formulae (1) to (5) to 
adjust the output of the coils to create the new magnetic signature. A look up table may also be 
provided including the magnetic trigger signatures for triggering identified mines in MSM 
mode. 

The magnetic signatures may also be transmitted to the sweep fiom the vessel via the 
communicati(»is unit 32. 

In anofliCT octenaon of fiie present invention, the modular nature may be finther 
extended by physically sq>arating the water driven turbine fiom the superconducting material 
magnet structure e.g. in the lead device 110, and mterconnectmg the two elements through a 
tow and power cable connection, similar to the connections e.g. 1 18, 120 between the elements 
of flie corjfiguration 100 shown in Figure 2. 

Refening now to Figure 3 the miaoprocessor-based control unit 24 m(»iit(»s Uie output 
of the superconducting material maguet Cm this example a solenoid or coil) 14 using a three- 
axis fluxgate magnetometer 35. The superconducting coil 14 is encapsulated in a oyostat 36 to 
maintain the si5)erconducting material below its critical temperature. A global positioning 
system (GPS) card 38 is used to deteraune the position of the sweep on the surface of the Earth. 
Sensors 34 and 46 monitor the sweep depth and velocity respectively and a gyroscopic compass 
determines the heading of the sweep. This dq)th, velocity and heading, together with the output 



wo 2004/054873 



PCT/AU2003/001678 



10 

from the GPS card 38 and flie ou^ut from the fluxgate maguetometer 35 will be relayed back to 
flie control unit 24 which will flien adjust the settings of the power supply 42 so that the coil is 
energised to produce the correct magnetic moment. The power supply 42 rectifies flie AC power 
siq)pfied by the turbine generator 12 and provides IX; current to the co^^ The control unit 24 
monitors the turbine output 26 and controls the pitch of the turbine blades 30 via pitch adjusting 
servo 31 so as to maintain the correct current and voltage for the power supply 42. Therefore 
there are two feedback loops, one 35A to control the magnetic moment of the magnet and one 
26A to control the pitch of the turbine blades. The control unit 24 adjusts the current supplied 
by the power supply 42 on the basis of the sensor inputs to energize the coil so that it has flie 
optimum magnetic output or moment and the control unit 24 also controls flie pitch of the 
turbine blades so fliat flie correct operating voltages and currents are siqjplied to flie power 
suppfy42. A rechargeable batteiy 48 could also be used as a back iq) in flie event of flie tu^ 
generator failing or flie turbine impeller 30 snaring or jamming. 

It will be qipredated by a person skilled in flie art that magnetic minesweeping devices 
embodying flie present invention do not require large bollard pull capability in flie tow platform 
used in like prior art conventional electromagnet minesweeping systems, and are readily 
transportable by air unlike prior art permanent magnet minesweeping systems. 

It will furflier be appreciated by flie person skilled in flie art fliat numerous modifications 
and/or variations may be made to flie presait invention as shown in flie specific embodiments 
wittiout departing from flie spirit or scope of flie invention as broadly described The present 
embodimoits are, flierefore, to be considered in all respects to be illustrative and not restrictive. 



